Abstract
Models, data and analysis

137
The Met Office Global Seasonal Forecast System 5 (GloSea5; MacLachlan et al., 2014) is 138 used in this study. GloSea5 is a fully coupled ocean-atmosphere GCM: the atmospheric 139 component has a horizontal resolution of 0.83
• longitude x 0.55 • latitude (N216; ∼53 km at 140
55
• N and ∼93 km at the equator) and 85 levels in the vertical; the ocean component has a 141 horizontal resolution of 0.25
• and 75 vertical levels.
143
The performance of GloSea5 is examined using retrospective forecasts (also known as 144 hindcasts) over the 22-year period June-November 1992 -2013 . The hindcasts are initialised 145 on three consecutive weeks centred around 1 May (25 April, 1 May and 9 May) using re-
146
analyses from the ECMWF Interim Re-Analysis project (ERA-Interim; Dee et al., 2011) .
147
For each of the three weeks, ten ensemble members are run for each year, providing a total 148 of 30 members per year.
149
6
TCs are detected and tracked in each ensemble member using a feature-based algorithm 151 (TRACK; Hodges, 1995 Hodges, , 1996 Hodges, , 1999 Bengtsson et al., 2007) , with the same configuration as 152 described in Camp et al. (2015) . Observed data for the North Atlantic basin are obtained 153 from the National Hurricane Center's best-track Hurricane Database (HURDAT2; Landsea
154
and Franklin, 2013) . In this analysis the term "tropical cyclone" is used to describe all 155 observed storms which reach a maximum intensity of tropical storm strength or higher; we
156
have not included the contribution from subtropical storms, which make up a very small A TC in observations and model data is considered to have made landfall when its track-161 generated from 6-hourly positions of mean-sea-level pressure minima-crosses a coastline.
162
We consider landfalls across a total of 7 coastal regions: the U.S. Coast (further subdivided 
167
The counting method is as follows: for each region we simply count the number of TCs 168 crossing the coastline. Each storm can only count towards the landfall total in each region 169 once. Therefore, because a single storm can make landfall in more than one region during its 170 lifetime, the total number of landfalling storms in the Caribbean, for example, may not equal 171 the combined total for the eastern and western Caribbean; likewise, the landfall frequency 172 along the U.S. Coast may not equal the combined total for the Gulf, Florida and East coasts. 
205
This pattern is well simulated by GloSea5 ( Figure 2b) ; however, the frequency of landfalling
206
TC tracks is much lower than observed, particularly in the western Caribbean Sea, Gulf of
207
Mexico and along the U.S. Gulf Coast (Figure 2c ). This may in part be due to a defecit in 208 the total basin-wide TC track density in these regions, which was highlighted in Camp et al.
209
(2015) and also seen in other GCMs (e.g. Strazzo et al., 2013; Vecchi et al., 2014; Mei et al., 210 2014) as well as in regional climate models (Caron and Jones, 2011 We can also speculate that the low proportion of landfalling TCs in GloSea5 compared 251 to the total basin-wide count may also be due to preferred regions of TC genesis and tracks. 
281
Over the period 1992-2013, five years are classified as EN: 1997 EN: , 2002 EN: , 2004 EN: , 2006 EN: and 2009 282 and seven years as LN: 1995 LN: , 1998 LN: , 1999 LN: , 2000 LN: , 2007 LN: , 2010 LN: and 2011 ever, low skill is found along the U.S. Coast as a whole. In the Caribbean, the GCM shows 326 a realistic response to ENSO forcing and the interannual variability in landfall rates is well 327 simulated for both the eastern and western Caribbean. In contrast, along the U.S. Coast,
328
we find a deficit of landfalling TCs, particularly along the Gulf and East coasts. This is 329 due to a combination of too few storms forming and tracking through the Caribbean and
330
Gulf of Mexico as well as too few storms reaching higher latitudes from the tropical Atlantic
331
MDR. In addition, we find no significant difference in TC landfall rates along the U. calculate, using forecast years 2-5 of each model, the probability that the index will be pos-
437
itive based on the number of members for which the index is positive. We then average the 438 model probabilities to obtain the probability of the MMEs, giving an equal weight to each 439 model, regardless of the number of ensemble members available for that particular model.
440
This result is then compared to the observed 4-year mean number of hurricane landfalls. in SSTs captured by the MME. This can be seen in figure 8c , which shows the difference in
447
ACCs between the Ini and NoIni MMEs. However, for a large part of the region considered 448 in the construction of the AMV index (black box), the skill of the Ini MME is significantly 449 higher than the NoIni MME. In comparison, skill for SLPA is more modest (8b), but sub-450 tracting the ACC from the NoIni MME (8d) has a much lesser impact than for SSTA since 451 the NoIni MME shows very poor skill at predicting SLPA. In effect, figure 8 shows that the probabilistic forecasts into three bins (0-33%, 34%-66%, 67%-100%) on the horizontal 476 axis according to the probability derived from the MME (as described in the methodology 477 section). For perfect reliability, the forecast probability and the frequency of occurrence 478 should be equal and the predictions should align along the diagonal (solid line in the figure) .
479
However, due to the finite number of predictions, a forecast system may still be deemed In figure 11 , we show the distribution of the difference between the average of forecast 509 years 2-5 and that of forecast year 1 for both SSTA and SLPA using i) hindcasts from all In the last few years, significant progress has been made both in improving global climate 547 models and their representation of TCs and in understanding the TC-climate connection.
548
This has led to the development of dynamical forecasts of TC activity at various timescales, : 1951 , 1953 , 1957 , 1963 , 1965 , 1969 , 1972 , 1976 , 1977 , 1982 , 1986 , 1987 , 1991 , 1997 , 2002 , 2004 , 2006 and 2009 La Niña years: 1950 , 1954 , 1955 , 1964 , 1970 , 1971 , 1973 , 1975 , 1988 , 1995 , 1998 , 1999 , 2000 , 2007 , 2010 and 2011 . Both are statistically significant at the 5% level. Bottom: Reliability diagrams of 4-year mean Ini MME forecasts for landfalling hurricanes. Brier Skill Scores using both climatology and NoIni MME as benchmark are shown in the upper left corner. Both are statistically significant at the 5% level. The probabilistic forecasts represent the probability that the activity level will be above the climatological average. Figure 11 : Empirical probability density function (PDF) for changes in Ini MME forecasted a) SSTA and b) SLPA. The three distributions are constructed using all the start dates (gray) and the four start dates preceding the 1969-1970 (blue) and 1994-1995 (red) shifts. The PDF is based on the differences between the mean values of forecast year 2-5 and forecast year 1 values. 
